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Introduction 
 
The Department of Planning and Development (DPD) is proposing amendments to the 
Environmentally Critical Area (ECA) and Stormwater, Grading and Drainage Control 
Ordinances to create a peat settlement-prone ECA designation and development 
regulations for this designation.  The amendments would limit the off-site settlement 
impacts of new development in or near peat-rich soils.   
 
Peat-rich soils are highly compressible and are prone to settlement when compacted by 
new structures and fill or when the groundwater table is lowered.  The groundwater 
table may be lowered by the use of water pumps to keep basements dry, the 
preparation of a site for excavation, or the addition of impervious surface that prevents 
water from soaking into soils (redirecting the water to a public storm drain).    
 
A peat settlement-prone ECA designation would identify sites where development could 
have the potential to cause settlement hazards and would provide development 
standards and stormwater management requirements to prevent new development 
from causing settlement impacts on nearby parcels.   
 

Background and Analysis 
 
Peat is an accumulation of decaying organic plant material that typically forms in 
wetland environments where acid conditions inhibited it from decaying fully.  The 
structure of unconsolidated peat soils is characterized by a fibrous structure exhibiting 
weak compressive strength and high void ratios (i.e., containing significant void space).  
These properties can result in a significant reduction in volume when peat soils are 
subject to compression. 
 
In the City, these deposits have typically formed in low lying areas, such as valleys, and 
in the nearshore areas of lakes and the floodplains of the Duwamish River.  As the City 
has developed, these areas have often been filled to remove marshy areas considered 
to be a nuisance and to create more developable land.  Consequently, significant peat 
deposits have been buried and now support development throughout the city.   
Evidence of gradual settlement has been found in many localized areas of Seattle.  
Areas in Greenwood, the most studied areas of peat-rich soils, have been experiencing 
documented settlement of roads and structures as far back as 1958.  Settlement has 
also been documented by geotechnical reports in Union Bay, the Ravenna peat area 
around Dahl Playground, and a section of the Licton Springs neighborhood.  Although 
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data on settlement in other parts of the city is lacking, visual inspections of other areas 
within the city suggest that some settlement has occurred in other areas containing peat 
deposits. 
 
In 2001, sections of the Greenwood neighborhood experienced settlement that elicited 
significant concern.  Subsurface peat deposits have been found over portions of 
Greenwood, the location of historic wetlands, including part of the Greenwood business 
district and the residential area north and west of about NW 85th Street and 
Greenwood Avenue North.  This area, commonly referred to as the “Greenwood Bog,” 
constitutes a topographical depression bordered by Phinney Ridge to the east and 
Crown Hill and Blue Ridge to the west.  Recent settlement appears to be resulting 
primarily from multiple developments occurring along Greenwood Avenue North.   
 
Development in areas of high peat content can lead to settlement when the weight of 
new structures and related fill compresses the thickness of the peat layer.  In addition, 
lowering the groundwater level reduces the ability of the peat to withstand the weight of 
overlying structures and soil, causing settlement.  This condition occurs as the buoying 
effect of the water on overlying soils is effectively removed and water-saturated voids 
within the peat are emptied.  Decomposition, which occurs very slowly in saturated peat 
soils, may speed-up in the absence of water, causing additional settlement.  Thus, 
settlement potential in peat deposits due to development and other activities can pose a 
potential hazard to public safety and property.   
 
Settlement in peat occurs in two stages:   
 

1) The first stage - primary consolidation occurs when water and air are forced out 
of the soil.  This stage usually represents the majority of the settlement and often 
goes to completion within a couple of months; and 

2) The second stage - secondary consolidation occurs as the solid itself is 
compressed.  This stage may continue for an indefinite time period, creating a 
continuing hazard.  Once secondary consolidation has occurred, peat deposits 
will not return to their original state, although minimal rebound is possible if 
weight is removed or the water level increased.   

 
The result of settlement can vary due to different thicknesses of peat, water pathways, 
slopes, and previous compressions.  Common damages from settlement include 
uneven or cracking foundations, broken underground utilities, and buckled sidewalks 
and roads.  These problems may cause existing structures to become more prone to 
damage during earthquakes.  Flooding may also occur as pipes break and settlement 
lowers the elevation of yards and structures to create local ponding areas. 
 
New development must be properly designed to minimize settlement and accommodate 
any settlement that may occur over the life of a structure due to the weight of the 
structure itself as well as potential changes to the groundwater regime  
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In response to settlement in the Greenwood area, Seattle Public Utilities (SPU) 
commissioned Shannon & Wilson, Inc. (S&W) in 2003 to undertake a study of the 
Greenwood area to determine existing geologic conditions.  During the study, S&W 
developed a map that delineates the former peat bog area and identifies the variable 
depth and thickness of the peat. S&W also tested the peat for the ability to re-introduce 
water into the substrata and placed monitoring devices in several locations for a longer-
term assessment of groundwater flows and levels in the area.  Complete geologic and 
hydrologic conditions are described in the S&W Greenwood Subsurface 
Characterization Study (April 2004). 
 
Based on the results of the study, DPD issued an interim policy requiring new projects 
subject to the State Environmental Policy Act (SEPA) to show how their design will 
result in no net loss of the groundwater.  In addition, SPU increased maintenance of 
certain areas, cleaning out perforated catch basins to re-introduce water into the 
substrata.  Opportunities for other water re-introduction features in other components of 
the utility were also investigated. 
 
In addition, a Technical Review Committee consisting of local geologists, hydrologists, 
and geotechnical engineers was formed by DPD to investigate the hazard posed by 
peat deposits throughout the city and help develop policy and regulations for safe 
development and maintenance activities in these areas.  Through this effort, a number 
of critical findings were produced that are discussed in the Best Available Science 
Report for Peat Settlement-prone Geological Hazard Areas (BAS Report), attached as 
Appendix A.  First, the technical review concluded that existing peat deposits constitute 
a potentially significant hazard.  Second, the Committee suggested that the City’s policy 
should strive to ensure that new development is designed to both withstand potential 
on-site settlement as well as prevent off-site impacts.   
 
In order to reduce or eliminate off-site impacts, the Committee identified no alteration of 
the existing groundwater regime as the preferred goal.  This goal was supported by the 
understanding that, although the lowering of the groundwater table could incur 
settlement, seeking to increase groundwater levels above existing levels could result in 
flooding.  Additionally, attempts to increase the water table would have minimal benefit 
because primary settlement is likely complete in areas that have already been 
developed throughout the city.  The recommended policy changes are discussed below.    
 

Proposed Recommendations 
 
Peat Settlement-prone Areas (PSPAs) constitute a potential significant hazard that 
warrants regulation through the ECA Code.  Although the existing building code is 
sufficient to ensure that new development meets the structural requirements for 
development in peat soils, development in or near peat-rich soils can also affect nearby 
parcels through modification of the groundwater regime.  Therefore, DPD is 
recommending that a peat settlement-prone area designation be added under the 
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Geologic Hazard Area section of the ECA Code including development regulations for 
these areas.   
 
Delineation of Peat Settlement-prone Areas.  PSPAs are shown on the Peat 
Settlement-prone Area Boundaries Maps in Appendix B of this report.  These maps 
show the extent of all parcels within areas of known or suspected peat deposits and a 
specified “buffer” distance within which new development may pose a settlement 
hazard. 
 
Peat Settlement-prone Area Boundaries Maps are based on data presented in the City 
of Seattle Identified Bogs report (Troost 2007).  This report analyzed soil samples 
(boring logs) taken at 34,909 data points to map and characterize peat deposits 
throughout the City of Seattle.  This analysis characterizes each of the peat deposits 
based on five factors identified in the Best Available Science Report for Peat 
Settlement-prone Geological Hazard Areas as indicators of potential risk due to 
settlement:  

1) Thickness of peat; 
2) Continuity of peat; 
3) Depth to peat; 
4) Depth to groundwater level; and  
5) Location of groundwater level in relation to peat.   

 
DPD then applied threshold criteria based on the five factors outlined above to 
determine which of the areas delineated and characterized in the City of Seattle 
Identified Bogs report were prone to a level of settlement that warrants regulation.  The 
following threshold criteria were developed based on City staff and consultant 
professional experience and Technical Review Committee feedback.  DPD has 
included in the recommended peat settlement prone area designation only identified 
areas meeting all of these criteria: 

1. The bog contains a continuous peat deposit with a typical vertical thickness of 
three feet or greater; 

2. Recorded groundwater levels are in or above the peat deposit (which indicates 
that further modification of the groundwater regime could cause settlement); and 

3. The peat deposit is not located such that groundwater communication with an 
adjacent waterbody would prevent lowering of the groundwater table.  Large peat 
deposits where groundwater communication might not fully prevent against 
settlement were considered to meet this criterion. 

 
DPD recommends excluding historic bogs that, due to significant excavation, no longer 
meet the above criteria. 
 
PSPAs are proposed to be differentiated into Category I and II areas.  Category I 
PSPAs include those areas in which fundamental geologic conditions (depth and 
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thickness of peat deposit), potential for future development, and evidence of past 
settlement indicate a significant hazard potential exists.  The Greenwood area is the 
only area that is proposed to be designated Category I due to substantial subsurface 
peat deposits, potential for continuing development, and evidence of acute settlement 
occurring in the neighborhood.  Category II bog areas are all bog areas that are not 
Category I bog areas.  
 
A buffer area is included in the proposed PSPAs in recognition of the fact that 
development on areas outside of, but nearby areas with peat deposits, may result in 
settlement impacts (due to groundwater changes).  A 50-foot buffer is proposed for 
Category I PSPAs and a 25-foot buffer would apply to Category II areas.  These buffer 
distances would be comparable to buffers applied to wetland, riparian corridor, and 
shoreline ECAs.  In total, the proposed amendment would designate 79 acres of 
Category I and 1316 acres of Category II areas. 
 
Development Standards.  Within PSPAs, the following standards would be applied to 
all new development.  These regulations are intended to mitigate potential settlement 
impacts by avoiding modification of the groundwater regime. 
 
The following provisions would apply within all PSPAs: 
 

 A geotechnical report would be required for any development involving 
excavation with a soil depth of 30 or more inches.  The report must identify the 
annual (high static) groundwater level. 

 New development below the annual groundwater level would be prohibited 
excluding certain outright exceptions (such as geologic testing, pilings, or utility 
connections) and other activities where it can be demonstrated by the applicant 
that development can occur without settlement impacts.   

 The Director would have the authority to require mitigating measures and waive 
or modify certain development standards.  For example, parking requirements 
may be reduced to the minimum extent necessary when underground parking 
would not be allowed, except in single-family, residential small lot, and low-rise 
zones. 

 
In addition to the provisions above, the following would apply within Category I areas:  
 

 All permit approvals that include any new impervious surface will be required to 
undergo drainage review under the Stormwater, Grading and Drainage Control 
Code (regardless of meeting the existing thresholds for the SGDC Code). 

 An increase of total impervious surface on a site will be allowed only if an 
infiltration facility or soil amendment project designed according to best 
management practices is implemented to offset lost infiltration function. 
Replaced or reconfigured impervious surface, as well as pervious surfaces, will 
not have to be offset. 

 



Peat Settlement-prone ECA 

 
 
 

 

 
                6   
          
 

Development in a PSPA is only subject to the general development standards of the 
ECA Code relating to tree protections, erosion control, and other site management 
practices where required because of the presence of other ECA designations on the 
site.   
 
Small project waivers, which allow minor development projects in ECAs where they 
might otherwise be prohibited, would not be allowed for development in PSPAs.  
 
Applicants with parcels 50,000 square feet or larger may further delineate the boundary 
of a PSPA on their parcel (and therefore the extent of the parcel subject to PSPA 
development standards).  This delineation will be based on City of Seattle Identified 
Bogs report and any additional information required by the Director.  
 

Summary 
 
The proposed amendments to the Environmentally Critical Area (ECA) and Stormwater, 
Grading and Drainage Control Ordinances would create a Peat Settlement-Prone Area 
(PSPA) designation and apply development regulations for new development within 
these areas.  The amendments are intended to allow for appropriate development 
within a PSPA while mitigating the off-site settlement impacts.   
  
 


